This paper addresses the problem of handling semantic heterogeneity during database schema integration. We focus on the semantics of terms used as identifiers in schema definitions. Our solution does not rely on the names of the schema elements or the structure of the schemas. Instead, we utilize formal ontologies consisting of intensional definitions of terms represented in a logical language. The approach is based on similarity relations between intensional definitions in different ontologies. We present the definitions of similarity relations based on intensional definitions in formal ontologies. The extensional consequences of intensional relations are addressed. The paper shows how similarity relations are discovered by a reasoning system using a higher-level ontology. These similarity relations are then used to derive an integrated schema in two steps. First, we show how to use similarity relations to generate the class hierarchy of the global schema. Second, we explain how to enhance the class definitions with attributes. This approach reduces the cost of generating or re-generating global schemas for tightly-coupled federated databases.
In many domains, the number of data providers and amounts of available data is increasing. Data consumers require consistent views of the data available from heterogeneous data sources. Therefore, integration issues are attracting ever more attention. Data integration refers to combining data in such a way that a homogeneous and uniform view is presented to users. Global schema generation is a critical task performed during data integration and is non-trivial because of semantic heterogeneity. We distinguish two types of heterogeneity: structural and semantic heterogeneity. Structural heterogeneity refers to differences among definitions, such as attribute types, formats, and precision. For example, two data sources may represent the same object using different structures. Semantics refers to the interpretation people assign to data (i.e., relating data to what they represent). Thus, semantic heterogeneity refers to differences in the meaning of data. For instance, two schema elements (i.e., classes or attributes) in two local data sources can have the same name, but different intended meanings. Both aforementioned kinds of heterogeneity are different from data inconsistency, which refers to conflicting data val- * Work done while with the University of Zurich. ues in two or more data sources. That is, multiple data sources may state contradictory facts about the same object.
In data integration, each local database provides a description of the data it is willing to share (the export schema, which is a subset of the local schema). The aim of the integration process is to obtain a global schema which relates and subsumes the export schemas from the local databases. Different interpretations of data cause semantic heterogeneity. If semantic conflicts are not detected and resolved, the use of integrated data leads to invalid results. Even worse, since users do not know about the underlying misinterpretation of the data they use, they will not have a chance to realize that the results are invalid. Adequate and meaningful data integration therefore relies on the detection of discrepancies and similarities between interpretations of schema elements. The goal of the approach presented here is to reduce the number of misinterpretations of terms in database schema definitions.
To that end, this paper shows how formal ontologies can be used to derive global schemas from local schemas for database integration. The approach relies on formal ontologies being available for the local schemas. Ontologies belonging to local schemas are checked for similarities (such as equality or specialization). The knowledge gained about similarity relations is then used for global schema definitions in such a way that semantic conflicts (at the schema level) can be detected and resolved. The result of merging ontologies is also used for the definition of data mappings, i.e. the mapping of local database entities into global ones.
The remainder of this paper is structured as follows. Section 1 explains notions used in the paper. Section 2 presents an overview of the proposed solution to use ontologies. We also briefly discuss the whole process and its characteristics in comparison to other approaches. In section 3, we propose our definition of semantic similarity relations based on intensional definitions of terms. We then show how a reasoning system can assist in determining similarity relations by means of higher-level ontologies in section 4. Section 5 discusses the integration of schemas into the global schema of a federated database system. In section 6, we explain how this approach supports the data mapping phase. Section 7 introduces relevant related work and a comparison with this work. Section 8 concludes the paper.
Background
Relying on common sense is a typical source of semantic heterogeneity; explicit definitions of terms used in schemas are a solution to this problem. The need for explicit and formal definitions of the semantics of the terms led researchers to apply formal ontologies [17, 39] as a potential solution to semantic heterogeneity. A formal ontology consists of logical axioms that convey the meaning of terms for a particular community [5, 10, 33] . Sharing a common set of concerns and values is a particular characteristic of communities [10] . A set of logical axioms defining a term is called an intensional definition (denoted by ι). There is exactly one intensional definition for each term in a community. An intensional definition approximates an intensional relation (also called conceptual
